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(71) We, PPG Industries, Inc. a Cor- 
poration organised and existing under die 
laws of the State of Pennsylvania, United 
States of America, of One Gateway Center, 
5 Pittsburgh, State of Pennsylvania 15222, 
United States of America, (assignee of 
Robert George SMndusr), do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us, and the 
10 method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

The present invention relates to a tem- 
perature sensor, to an electrically heated 
transparency, particularly an electrically 
heated laminated window, containing such 
a sensor, and to a constant temperature 
window system also containing such a 
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20 Electrically heated, laminated windows 
have been known for some time. Such win- 
dows find wide use where it is necessary 
that vrarm through the windows be kept free 



is that described in United States 
Patent Specification No. 2,644,065, which 
consists of a resistance filament encapsulated 
within a polyvinyl bntyral casing. The sen- 
sor is inserted into an opening cut out of 50 
&e polyvinyl bntyral interlayer, and when 
the window is laminated during a high tem- 
perature autoclaving step, the temperature 
sensor blends with the polyvinyl bntyral 
interlayer so as to form an integral past 55 
of the window. The temperatures needed fox 
laminating the polyvinyl bntyral interlayer 
to the outer glass sheets must be sufficient 
to soften the polyvinyl bntyral. During 
lamination, the polyvinyl bntyral flows and 60 
wets the glass, producing a strong glass- 
polyymyl bntyral bond. Unfortunately, this 
flowing at times fractures the fine resist- 
ance filaments which are embedded within 
the polyvinyl bntyral, and at times shorts 65 
the resistance filament against the elec- 
trically conductive coating. Therefore, it is 
an object of this invention to provide a 
■** A~ wecwfamce ..fila- 
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(71) We, PPG iNOTsnuES, * * Cor- 
poration organised and e xis ti n g unto me 
laws of the State of Pennsylvania, United 
States of America, of Otoe Gateway Center, 
5 Htisburgh, State of Pennsylvania 15222. 
United States of America, (assignee or 
Robebt CteORGB Spinduer). do herehy de- 
clare the invention, for which we pray that 
a patent may be granted to us. and me 
10 methcdby which it is to be Pfformed. to 
be particularly described in and by the fol- 
lowing sta temen t: — , ^ . 

The present invention relates to a tein- 
peratuie sensor, to an electrically neatea 
15 transparency, particularly an electrical^ 
heated laminated window* containing sucn 
a sensor, and to a constant temperature 
window system also containing such a 



20 



Electrically heated, laminated windows 
have been known for some time. Such win- 
dows find wide use where it is accessary 
that vision through the windows be «ept,rree 
of ice and fog formations. This » particularly 
25 true in aircraft, in which the wind ows ar e 
frequently subjected to various and extreme 
weather conditions. A typical electrically 
heated, laminated window is one which in- 
cludes two outer sheets of glass lammated 
50 to a plastics interlayer. One of the gass 
sheets has an electrically conductive coatr 
ing, for example, a transparent metal oxide 
film, which contacts die plastics interlayer. 
Power is supplied to the film by electrodes 
35 which are positioned around die marginal 
edges of the film and which are in electrical 
contact with the electrically conductive 
coating. To regulate the power supplied to 
the coating, and thus control the temperature 
40 of the wandow, Temperature sensors are 
embedded in tibe plastics interlayer. The 
temperature sensors are usually resistance 
filaments which vary in resistance accord- 
ing to the surrounding temperature, 
45 'A typical and widely used temperature 



sensor is that described in United States 
Patent &wcMcaltton Na 2*644,065, which 
consists of a resistance filament encapsulated 
within a polyvinyl btftyral casing. The sen- 
sor is inserted into an opening cut out of 50 
the polyvinyl butyral interlayer, and when 
die window is laminated during a higji tenv 
perature autoclaving step, the tenpemtnre 
sensor blends with the polyvi nyl b utyral 
interlayer so as to form an integral part 55 
of die window. The temperatures needed for 
l aminating the polyvinyl butyral interlayer 
to the outer glass sheets must be sufficient 
to soften the polyvinyl butyraL During ^ 
lamination, die polyvinyl butyral flows ana 60 
wets the glass, producing a strong glass- 
polyvinyl butyral bond. Unfortunately, this 
flowing at times fractures the fine resast- 
ance filaments which are embedded within 
the polyvinyl butyral, and at times shorts 65 
the resistance filament against the elec- 
trically conductive coating. Therefore, it is 
an object of fids invention to provide a 
temperature sensor of dse resistance fila- _ 
ment type which can be pressed into a 70 
plastics interlayer. particularly polyvinyl 
butyraL during lamination without the 
dangers of filament fracture, or of filament 
shorting with the electrically conductive 
coating or any other electrical heating means 75 
such as fine wires embedded mto the niter- 
layer adjacent to the outer phes of glass. 

Many of fee commercially availafclepoly- 
vhryl butyral interlayer* are plastkazed to 
hnprove their flexibility and impact resist- go 
ance. The plasticcm are generally water- 
insoluble esters of a pcftybasic acid and a 
poryhydric alcohol Unfortunately, when a 
temperature sensor is encased in a casing 
notarial which is different dan die sur- 35 
rounding polyvinyl butyral. it is beheved that 
these plasticizers have a tendency to migrate 
to fee surface of- die casing material and 
cause it to become hazy. This is especially 
troublesome when the casing is a pbiycar- 90 
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borate and when the interiayer nn»teT">l is 
plasticfzed polyvinyl butyral Although the 
temperature sensor casing is hazy, it still 
functions as intended, but it is unsightly 
5 looking in the resultant laminated window. 
It is therefore a further object of die 
present invention to inhibit the formation 
of haze in the casing of a temperature 
sensor which is embedded into a plasticized 
10 plastics i nteriay er. particularly plasticized 
polyvinyl butyraL 

According to this invention, there is pro- 
vided a temperature sensor for use with a 
transparent, laminated window assembly 
15 and which is embedded in a transparent 
plastics layer of material which comprises 
(a) a temperature sensitive resistance 

filament encapsulated within 
$>) a transparent casing material which 
20 has a higher heat deflection tempera- 

ture than die plastics layer into which 
the temperature sensor is .embedded. 
The heat deflection temperature of a 
material is defined as the tempera tu re at 
25 which a specified load will cause the material 
to deflect by a specified amount. 

A transparent protective c^tf^g may 
be disposed between the interiayer and 
the casing. The protective coating is 
30 used when the interiayer material is 
pfasricfeed and would cause the casing 
to become hazed if placed in con- 
tact with it Hie present invention also 
provides a constant temperature electrically 
35 controlled window system which employs 
die tem perature sensor of the present inven- 
tion. 

Hie present invention also provides a 
transparent window which is capable of 
40 being electrically heated which comprises: — 

(a) a transparent member, 

(b) an electrical heating element sup- 
ported by said member, and 

(c) a temperature sensing element em- 
45 bed ded in the transparent member in 

spaced relation to the electr ical heat- 
ing element, the temperature gp*"f"g 
element comprising a temperature 
sensitive resistance filament encap- 
50 sulated within a transparent casing 

material which has a fo gft ft r heat de- 
flection temperature than the trans- 
parent member. 
The present invention further provides a 
55 constant temperature window system which 
comprises an electrically heated transparent 
window which includes: — 
(a) a transparent member; 
0b) an electrical heating element sup- 
60 ported by said member and being 

operatrvefy connected 'through a con- 
troller to a source of electrical 
energy: 

(c) a temperature sensing element embed- 
65 ded in (he transparent member in 



spaced relation to die electrical 
heating element; the temperature sens- 
ing element comprising a temperature 
sensitive resistance filament encap- 
sulated within a transparent casing 70 
material which has a higher heat 
deflection temperature than the trans- 
parent member, the temperature 
sensor being operatively connected 
through a controller to the same 75 
source of electrical energy as is die 
electrical heating element; 
whereby the temperature sensing element 
responds to changes in temperature near 
the window and modifies through the 80 
activity of the controller the source of 
electrical energy so as to maintain the tem- 
perature of the window in a predetermined 
range. 

The present invention will now be further 85 
described, by way of example, with ref- 
erence to the accompanying drawings, in 
which: — - 

Fig. 1 shows perspective!? a constant tem- 
perature laminated window system contain- 90 
ing the temperature sensor of the present 
invention; 

Fig. 2 is a cross-sectional view through 
n-HofFig.1; 

Fig. 3 is a plan view of a temperature 95 
sensor of the present invention; 

Fig: 4 is an exploded view, depicting die 
construction of a temperature sensor 
element of the present invention, 

Kgs- 5 and 6 are exploded views, depict- iqo 
ing the construction, of a temperature sensor 
element of the present invention in alter- 
native embodiments; 

Fig. 7 shows perspectively an alternative 
embodiment of a constant temperature win- 105 
dow system containing the temperature 
sensor of the present invention. 

Referring to die drawings: — 

PEGS. 1 and 2 depict a constant tem- 
perature laminated window system. The no 
system comprises a transparent; laminati*^ 
electrically heated window L The window 
includes two rigid, transparent sheets 3 and 
5, one of which, has an electrically conduc- 
tive coating 13 thereon. The coating is con- 115 
nected through electrodes 15 and through 
a control system or controller 27 to a source 
of electrical energy 19. The source of elec- 
trical energy 19 will depend on the desired 
appficatkm of the window. For a heated 120 
aircraft window, for example die source of 
electrical energy 19 would be 
driven by an aircraft engine. Sandwiched ' 
between die two rigid, transparent sheets 3 
and 5 is a transparent interiayer which 125 
comprises a plurality, 7, & 9 and 11, of 
plastics laminae. As is shown in the draw- 
ing, the plastic interiayer also contacts the 
electrically conductive coating 13. Embed- 
ded within the plastics interiayer is a tern- 130 
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perature sensing element 21 which is shown 
vol somewhat more detail in 3 and 4. 

Temperature sensor 21 comprises a resist- 
ance filament 23 encapsulated within a casing 
3 25 which has a heat defection temperature 
fflreater than the plastics intexlayer material 
Into which the tenmerature sensor 21 is em- 
bedded* The temperature sensor 21 is 
operatively connected to the source of elec- 
10 meal energy 19 through a controller 27. in 
operation, the temperature sensing element 
21 resp onds to changes in temperature near 
die window 1 and hi so responding, modifies, 
through the activity of 4he controller 27. the 
15 source of efectrical energy so as to main- 
tain the temperature of the window at a 
predetermined range* The controller 27 
modifies the output voltage applied by the 
source of electrical energy 19. A typical con- 
28 troJler is described in United States Patent 
Specification No. 2j806jlfl*. 

Alternative erntxxliments of the invention 
are shown in Figs. 5 and 6 A Briefly, the 
alternative embodiments show the disposition 
25 of a transparent, protective layer about the 
casing. The protective layer can be com- 
posed of two sheets 60 and 61 which axe 
adhered to the casing. The alternative em- 
bodiments shown in FIGS. 5 and 6 will be 
30 described in detail herembelow. 

Referring again to Figs. 1 and 2, the 
laminated window 1 includes two rigid, 
transparent outer plies 3 and 5, each having 
a thickness of about 0.080 to 1.000 inch, 
35 ember one or both of which can be earner 
a rigid, plastic material, like polycarbonate 
or acrylic sheeting, or a flat glass sheet, 
with mass being preferred. A transparent 
plastics inte d ayer having a ttoVfrness of 
40 0*060 to 0300 inch is sandwiched between 
the outer plies 3 and 5 and includes a 
plurality of laminae of plastics. 7. 8w 9 and 
fi. formed of polyvinyl butyral or other 
suitable plastics well known in the a rt, such 
45 as polyurethane. Polyvinyl butyral inter- 
layer raa-terialft are described in United States 
Patent SpecMcafaoas Nos* 2372^22. and 
2,496,480 and United States Reissue Patent 
Specfficatkm No. 20430. Polyurethane inter- 
50 layer materials are described in United 
States Patent Specrfications Nos. 3.509,015 
and 3.6Q0J9O5. Four piies of plastics 
xnaterial ate shown in Figs. 1 and 2, but 
it should be understood mat more or less 
55 than four plies can be used, d 



upon the requirements the window wnl have 
to meet An opening is provided in the 
intedayer of a size equal to that of the tem- 
perature sensing element 21. The e lement Is 
60 inserted within 4he opening, and the in- 
dividual components of me window are 
assembled and are inminfltwf together so 
mat the temperature sensor is enveloped by 
the plastics rnterlayer so as to form an in- 
€5 tegral part of the window. As is shown in 



FTQS. 1 and 2, the temperature sensing 
element 2J1 is embedded in the plastics intex- 
layer and is approrimately 0.0110 to 0.060 
inch from the electrically conductive coat- 
ing 13. The connecting leads 39 and 40 are 70 
brought out between the plastics layers 8 
and 9 to the controller 27. 

Between the rigid, transparent outer ply 
3 and the plastics rnterlayer is an electrically 
conductive, transparent coating 13, such as 75 
a metal oxide mm of the type described in 
United States Patent Specification No. 
2,614,944. Electrically conductive coatings 
of this type axe known commercially under 
the fTf^™*»»fr NESA- The coalings have a 80 
thickness of about 50 to 3500 mffimiicrons 
and are substantially transparent. (Thick- 
ness of the coating 13 in FEG. 2 is exag- 
gerated for the purpose of illustration.) 
When an electrical potential is applied across 85 
the coating, the electrical resistance of die 
coating causes it to give off heat. Generally, 
the electrical resistances of the coatings are 
below about 500 ohms per unit square, and 
have a specmc resistivity below about 0.002 90 
ohrns^sntiraetera Other transparent conduc- 
tive material^ such as gold coatings and 
other thin metal coatings, may be used as 
the electrically conductive, transparent coat- 
ing. Besides electrically conductive, trans- 95 
parent coating, other electrical heating 
means are fine resistance wires which are 
embedded into the surface of the anterlayer 
material adjacent to the outer gjass 
sheet Such a heating means is de- 100 
scribed in United States Batent S pec ffi ca t i o n 
Mo. 2JSI3£6D and is shown in Fig, 7 with 
die fine resistance wires being shown as 14. 

To bring electricity to the coating 13, 
electrodes 15 are provided along a pair of 105 
imposed marginal edges of the c o a t ing The 
electrodes 15 comprise a highly conductive 
metal powder, preferably gold or suver, and 
a vitrifying binder, fiectrodes are well 
known and are typically described in United 110 
States Patent Specification No. 2£82»377. 

The electrodes 15 are connected to a 
source of electricity 19 by means of con- 
ductors 29. 301 and 33. One side of the 
electrical source 19 and one of die electrodes 115 
is grounded through conductors 301 and 33, 
respectively. The conductor 29 passes 
through the controller which, as has been 
mentioned earlier, modifies " the flow of 
electricity to the crating to maintain the 120 
window unit 1 within a predetermined tem- 
perature range. The controller is grounded 
through a suitable conductor 35. It should 
be noted that the window can be other 
than the laminate configuration described 125 
above. For example, the window could com- 
prise two rigid sheets of plastics material, 
such as acrylic, which are fusion bonded 
together. The heating means, could be the 
fine resistance wires embedded into one of 130 
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the sheets as described above and the tem- 
perature sensor could be embedded into the 
opposed sheet 
The temperature sensing element 2*1 is 
S shown in detail in FK3S. 3 and 4. It in- 
cludes a resistance *jlnm<*p f 23 encapsulated 
within a casing material 25 which has a 
higher heat deflection temperature man the 
plastics interiayer material into which the 

10 temperature sensor 21 is embedded. 

m the following specific description of 
the temperature sensor 21 , the casing material 
is described as being polycarbonate. How- 
ever, it should be realized mat other plastics 

15 materials could be used instead of poly- 
carbonate. The selection of a casing materi al 
will depend on the interiayer material into 
which the temperature sensor is embedded. 
More particularly, the selection of the casing 

20 material win depend on the lommaHng tem- 
peratures and pressures which soften the 
interiayer, causing it to flow and wet the 
glass to form a strong glass-mteriayer 
fusion bond. Hie casing material should 

25 not soften and flow at these temperatures,, 
at least to an extent which will cause frac- 
ture of the encapsulated resistance filament, 
or which will cause shorting of the filnm^t 
against the electrically conductive ^wtSng 

30 An indicat i o n of the temperatures and pres- 
sures which will cause a material to soften 
and to flow is reflected in the heat deflection 
temperature of the material. Procedures for 
deterrnining heat deflection temperatures of 

35 plasties are set forth in the American 
Society for Testing and Materials designa- 
tion No. D-64S. 

According to the present invention, the 
casing should be selected from those 

40 materials which have a higher heat deflec- 
tion temperature man the plastics layer into 
which the te mp e r a tur e sensor Is embedded. 
It is also essential that the casing be trans- 
parent, having an index of refraction similar 

45 to the interiayer, such that when the two are 
pressed together in the resultant laminated 
window, the casing of the temperature sensor 
wOl not be distractingly noticeable. 

By far the most widely used plastics 

50 interiayer material is polyvinyl butyral 
which has a heat deflection temperature of 
115 to 165°F. at 66 psi as measured by 
AATM Polycarbonate has been 

found to be especially useful as a plasties cas- 

55 ing material for the temperature sensor with 
polyvmyl butyral, because polycarbonate is 
transparent and has an AJS.TJVL I>64& heat 
deflection t e mper at ure of 270 to 290°F. at 
€6 psL However, it should be appreciated 

60 thai other transparent plastics materials for 
use as casing materials having 
heat deflection temp era tare tfw. , „, 
butyral could be used. Also, if the 
interiayer material is other man p 

65 butyral, the plastics casing material 



selected from those plastics which will have 
a higher heat deflection temperature than 




As shown in FIG. 4> the temperature sens- 
ing unit 21 comprises a polycarbonate core 70 
section 4a. The core section has a thickness 
of at>out Oj003 to 0.030 inch. The polycar- 
bonate core section 41 includes a thin poly- 
carbonate card 43, around which a resist- 
ance filament 23 is uniformly looped. 75 
Surrounding the card are a plurality of poly- 
carbonate spacers 47 to eliminate any lens 
effect which may result when the various 
components of the temperature sensor 21 
are laminated together. Located on the card gr> 
43 are weld tabs 51 which connect the resist- 
ance filament 23 with the lead wires 39 and 
40. The core section 41 is encapsulated be- 
tween -two sheets of polycarbonate 54 and 
65 by a high temperature-pressure cycle, for 35 
example, a cycle in an autoclave or a platen 
press. Temperatures of about 275 to 390 a F. 
and pressures of about 25 to 250 psi for 
about 5 to 120 minutes are suitable to form 
me temperature sensing unit 21 as depicted 90 
mHGS.3and4w^^ 

The transparent casing 25 (which includes 
the core section 41) is chosen from those 
materials which will not cause the encap- 
sulated resistance filament to fracture or 95 
to short against the electrically conductive 
coating during the laminating of the win- 
dow 1. Acoorttingry, the transparent casing 
material should have a heat deflection tem- 
perature greater man the plastics interiayer i(vt 
material into which it is embedded. During 
the high temperatures and pressures which 
are needed in the lamination step to bond 
the interiayer material to the outer rigid, 
transparent plies, the int er ia y er material 105 
softens and flows. The casing matm^ be- 
cause it has a higher heat deflection tem- 
perature man the surro unding interiayer 
materia l, does not flow, remains stable and 
wifi not cause fracture or shorting of the tm 
encapsulated filament. 

When the interiayer material is poly- 
vinyl butyral, which, has a heat deflection 
temperature of M5 to 1«5°F. at 66 psi, the 
casing material preferably is polycarbonate, 
which has a heat deflection temperature of 
270 to 290°F. at 66 psi. Polycarbonates are 
described in United States Patent Specifica- 
tion No. 3.02&J365. Polycarbonates are also 
commercially available under the trade 
marks LEXAN and MERLON. Other suit- 
able plastics etranpgnlgtinfr materia ls for use 
with polyvinyl butyral include, for example, 
cast acrylic, which has a heat deflection 
temperatnre of 175 to 225°F, polystyrene, 125 
which has a heat deflection temperature of 
210 to 230*K, polyester, which has a heat 
deflection temperatnre of 270 to 290°R. 
porysmt&oae, which has a heat deflection 
temperature of 350°GP. and nylon, which has 130 
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a heat deflection temperature of 300 to 
400°?F. (all deflection temperatures measured 
at66psi). 

It should be realized that tite resistance 
5 ^laTTiftrtt: can be looped about the card 43 
in any particular manner or configuration. 
Alternatively, the resistance fBament does 
not have to be looped around a card 43, 
but could be merely wound in a spiral or 
10 helix configuration and molded by itself 
into the plastics casing 25. However, it is 
profane d liiat die resistance filament 23 be 
uniformly looped around a card 43. 
Although the card 43 has a higher heat 
15 deflection temperature man die plastic 
interlayer, it can be made from a different 
material than the sheets 54 and 55 which 
form the exposed casing 25. For example, 
the card 43 (and spacers 47) can be made 
20 from polycarbonate and the sheets 54 and 
55 from acrylic 

The resistance filament 23 is a fine wire 
adapted to have the resistance thereof 
changed by the change in the surrounding 
25 tenrperature. The wire is typically about 
0.0005 to 0.002 inch in diameter, having a 
positive temperature coefficient of resistance 
and having sufficient elasticity as to permit 
fabrication of the temperature sensing unit 
30 21 and fabrication of the laminated window 
1 without breakage and shorting. 

The resistance filament should be respon- 
sive to temperatures within the range of 
-750°F. to ltf>*R, which is me ambient 
35 temperature range of typically high trying 
aircraft In particular, when polyvinyl 
butyral is the plastic intexlayer material, the 
resistance ffla^tent should be very sensitive 
to temperature changes around 100 to 
40 V2&*F. which is the temperature at which 
polyvinyl butyral has its greatest impact 
strength. Preferably, the change in re si sta n ce 
of the filament with temperature should be 
at least from about 100 to 150 ohms per 
45 foot of filament having a circumference of 
1 mm. at 20°C> Examples of various 
materials of construction which can be used 
to make the resistance filament are 
tungsten, nickel, iron-nickel alloys, with an 
50 iron and nickel alloy sold under the trade- 
mark HYTEMGPGO being preferred. 

The lead wires 39 and 40 should be made 
of a good electrical conductor, such as 
copper, and should be firmly attached to 
55 the resistance filament 23. As shown in 
FIGS. 3 and 4, the lead wires are soldered 
to a weM tab 51 which, in turn, is soldered 
to the resistance filament 23. The lead wires 
are gen e r ally larger in diameter than the 
60 resistance filament; having a diameter of 
from about 0.006 to O.02Q inch. 

The weld tabs 51 are selected from elec- 
tricaflv conducting materials which are well 
suited fox soMermg or welding. Materials 
65 having low thermal expansion coefficients, 



such as a nickebrron alloy sold under the 
trademark KOVAOEL, are preferred. 

Besides the individual components of the 
temperature sensor 21 having the above- 
described properties, the temperature sensor 70 
itself should have certain specific design 
requirements. The temperature sensor unit 
21 should be capable of withstanding an 
ggrfcgmiwi exposure to an ambient tempera- 
ture range of — 75°F. to OrfQ^ which is 75 
the ambient temperature mage of highflying 
aircraft. When assembled into an electrically 
heated window, the temperature sensor 
should be capable of withstanding laminat- 
ing conditions mat include pressures as high 80 
as 225 pounds per square inch at tempera- 
tures of 70 to 350°F. Exposure to these con- 
ditions for about 30 to 120 mmm** should 
not impair the electrical, structural or visual 
characteristics of the temperature sensor. 85 

As has been mentioned hereinabove, many 
of the plastics interlayer materials are 
plasticized to prevent their eventual em- 
brittlement Virtually all of the cornmercially 
available polyvinyl butyral sheet interlayer go 
material is plasticized. For example, poly- 
•vinyl butyral for use in aircraft laminates 
contains 2a parts by weight of mono 
methoxydiethyiene glycol adipate per 100 . .. 
parts by weight of polyvinyl butyral Since 95 
the casing in the present invention is a 
different material than the interlayer 
material, there is a possibility that the 
plasHowser in the interlayer material may be 
reactive toward the casing material of the icq 
temperature sensor. Such is the case when 
the n**<aaf* material is the preferred poly- 
carbonate, ami the interlayer material is the 
widely used plasticized polyvinyl butyral 
It is believ ed that the p lastaccer migrates 105 
from the polyvinyl butyral to the surface of 
the plastics casing, interacts wkh the poly- 
carbonate, causing it to become hazy. This 
hazing, although not affecting the perform- 
ance of the texrrperatirre sensor, gfres the no 
sensor a distracting, tmsjgbthr appearance in 
the resultant laminated window. 

Una hazing of the plastics casing can be 
avoided if a protective layer is positioned 
about the exterior surface of the casing. In j.15 
the resultant laminated window, the protec- 
tive layer will be disposed between the cas- 
ing of the temperature sensor and the inter- 
layer into which the temperature sensor is 
embedded. 120 

The protective layer should adhere well to 
both the plasticized interlayer and to the 
casing material The protective layer should 
be transparent, having approximately the 
same index of refraction as both the inter- 125 
layer material and the casing. This mini- 
mizes optical distortion in the resultant 
laminated window. Also, the protective 
layer should not seriously affect tire tem- 
perature sensmg capabilities of the tern- 130 
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perature sensor. cdaving, the tonrperatore sensor and protec- 
An example of a suitable protective layer, tive layer blends with the polyvinyl butyral 
when the temperature sensor casing is poly- Interlayer so as to form an integral part 
caibonafe, and the interlayer material is of the resultant laminated window. If the 
5 pla s t fcg e d polyvinyl butyral, is acrylic. In protective material has a higher heat de- 70 
general, acrylics are composed principally of flection temperature than the interlayer 
one or more of the polymerized lower alfcyl ^fttyrfof ft can itself be used as the casing 
esters of methacryiic acid, such as methyl material. For aarampfe^ when: die interlayer 
methacrylate, ethyl methaeryiate, isopropyl material is jrfastkazed polyvinyl butyral it 
10 me&acrylate or isebutyl methacrylate. is preferred mat the temperature sensor conr 75 
There may also be used copolymers from straction include a polycarbonate core sec- 
lower a&yi esters of methacrylic acid or tion and an acrylic casing, 
mixtures of such, esters in predominant Depending on the selection of the inter- 
amounts together with lesser amounts of layer material and the casing of the tenu- 
is another pofymerizabfe unsaturated com- perature sensor, it may be necessary to pro- to 
pound which is miscibfe or compatible there- vide an adhesive between the interlayer 
with, such as an ester of acrylic acid; and the casing to prevent examination. Care 
examples of which are ethyl acrylate and should be taken, of course, that the adhesive 
butyl acrylate. Acrylics are commerciafly does not attack the interlayer or the casing 
2e avauabte under die trade mark KQRAD hi causing haziness oar optical distortion. For 35 
film and sheet form having a thickness example, when die interlayer material is 
of OXK33 to 0.012 inch and are preferred plasticized polyvinyl butyral and the casing 
in the practice o f the present invention. or dm prote c tive coating for die casing is 
The protective layer can be d ispo sed be- an acrylic cladding; a poryurethane adhesive 
25 tweea the casing of die temperature sensor is suitable. Preferred polyurethanes are the 90 
and die surrounding polyvinyl butyral in a thermoplastic type, such as are described in 
number of ways. S available in a liquid United States Patent Specifications Nos. 
form, it can be brushed, coated or sprayed 2,871,213 and 2.899,41U, and which are sold 
onto the casing of the temperature sensor, under the trade mark TOFTANE. The 

39 When applied in this way, care must be thermoplastic polyurethanes are available in 95 
taken to ensure that the coating is even film and sheet form having thicknesses of 

to avoid any optical distortion. When die 0.001 to 050 inch. 

protective material is available in film or The adhesive can be inserted between the 

sheet form, it may be laminated directly to interlayer and die casing in a number of 

35 the casing of the temperature sensor. For ways. If available in liquid form, it can 106 

example, as shown in FIG, 5. two layers be brushed, coated or sprayed onto the casing 

60 and 61 of acrylic are positioned on the of the temperature sensor* When available 

exposed outer surfaces of the temperature in sheet or film form, the adhesive can be 

sensing element Hie composite is then sub- laminated directly to the protected casing 

40 Jected tt> a suitable high pressure and tern- of the temperature sensor. For example, as 105 
perature cycle for lamination. For example, is shown in FIG. 6 fc two layers 70 and 71 
when the temperature sensor casing is made of a suitable adhesive, such as poiyurethane 
from polycarbonate and die protective film, are positioned on the exposed outer 
layer is an acrylic c ladding material, such surface of an acrylic clad temperature sen- 

45 5£rJ™ ava2able under the trademark sot. Tbe acrylic clad temperature sensor 110 

KQRAD an antoclaving cycle using tern* and the poiyurethane adhesive layers are 

peratures of about 250 to S90°F and pres- then subjected to a suitaMe high temperature- 

sures of about 25 to 250 psi for about 5 pressure cycle to laminate the acryuc to 

to GO minutes is suitable to form die re- the polycarbonate casing For example, 

50 suhant protected te mp era tur e sensing unit temperatures of about 250 to 390°F. and US 

Another way of disposing the protective pressures of about 25 to 100 psi for about 

layer between the temperature sensor and 5 to 60 minutes are suitable to laminate the 

the surrounding interlayer material is to poiyurethane to the acrylic. Another way 

cut a section out of the interlayer material of inserting a protective fbS between die 

SS which corresponds to die size of dm tern- polycarbonate casing and the poiyurethane 120 

perature sensor. TTie resistance filament en- adhesive layer is to cut a section out of the 

CTfgufated within a casing and sand- interlayer material whidi corresponds to die 

wicned between two protective layers size of the temperature sensor. A composite, 

« and a is then inserted into this as is shown in FIG. 6, generally comprising 

60 o penin g. The r emaining layers of the a temperature sensor with a polycarbonate 125 

mteriayers and the ri#d outer sheets 3 casing, two acrylic protective fofls 60 and 

and 5 are then assembled and^prepared for 61. and two poiyurethane adhesive layers 

lamination. When the components of die 70 and 71, is inserted into the opening. The 

window axe laminated together during die remaining laminae of die interlayer and the 

65 tag* temperature and high pressure auto- rigid outer sheets 3 and 5 are then assembled 130 
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and prepared for lamination, When the com- 
ponents of the window axe laminated to- 
gether during high temperature and high 
pressure autoclaving, die protected tempera- 
3 tare sensor blends with the polyvinyl butyral 
interiayer so as to farm an integral part of 
the resultant laminated window. 
WHAT WE CLAIM IS:— 
(1. A temperature sensor for use with 
10 a transparent, laminated window assembly 
and which is embedded in a transparent 
plastics layer of material which comprises 
(a) a temperature sensitive resistance fila- 
ment encapsulated within 
15 0>) a transparent casing material which 
has a higher heat deSectkm tempera- 
ture than the plastics layer into 
which the teffi$era*fere sensor is earn- 



20 



parent 



tempera! 
memper. 



.hire than the trans- 



A temperature sensor as claimed in 
} in which the transparent casing 
ma*erfafisaf6ryeaiftafiate 

3. A temperature sensor as claimed in 
claim 1 in which the transparent casing 

25 Material is an aery Mc polymer. 

4. A temperature sensor as claimed, m 
any «f <feSms 1 to 3 in whieh a transparent, 
protective layer is disposed between the 
casing and. the plastics layer. 

30 5, A temperature sensor as claimed in 
claim 4 in winch an adhesive layer is in* 
serted between the protective layer and the 
plastics layer. 

■ <k A temperature sensor as claimed in 
35 claim 5 in which the protective layer is an 
acrylic polymer and the adhesive layer is a 




A temperature sensor as cla ime d in 
any of claims 1 to 6 in which die resistance 
^0 filament is uniformly looped about a pory- 
canbonate card . 

8. A temperature sensor as claimed in 
claim 7 in which spacers are positioned 
around the card. . 
45 9. A temperature sensor as claimed in 
any of claims 1 to 8 in which the plastics 
layer Is one containing a plasrtcteer . 

HO. A temperature sensor substantially as 
hereinbefore described with particular ref- 
50 erence to and as illustrated in any one of 
Figs. 1 to 7 of the accompanying drawings. 
Id. A transparent window which is 
capable of bung electrically heated which 
comprises: — 
55 fe) a transparent member; 

(b) an electrical heating element sup- 
ported by said member, and 
ic) a temperature sensing element em- 
bedded in the transparent member in 
40 spaced relation to the electrical heat- 

dte ternperature sensing 
conmrising a temperature 
resistance filament encap- 
sulated within a transparent casing 
£$ material which has a higher heat de- 



12. A window as claimed in claim 11 in 
which (he transparent member comprises a 
plurality of layers of transparent material 70 

13. A window as claimed in claim 12 
in which the transparent member comprises 
a plurality of transparent rigid sheets 
laminated together with a plastic interiayer. 
the temperature sensing element being em- 75 
bedded in the interiayer. 

14. A window as claimed hi claim 13 in 
which the electrical heating element com- 
prises fine resistance wires embedded in the 
mtsriayer. 80 

15. A window as claimed in claim 13 
in which the electrical tearing element is 
an electrical conductive coating on at least 
one of the ri^ sheets. 

E6. A window as claimed in any of 85 
claims 13 to 15 in which the plastics rater- 
layer is polyvinyl butyrai 

17. A window as claimed in claim 16 
in which the polyvinyl butyral is plasrinzerL 

IS. A window as claimed m any of 90 
claims Ul to 17 in which the casing material 
is ^polycarbonate or acrylic. 

Tl9. A window "as claimed in* any of 
claims Id to 18 in which the casing material 
& polycarbonate and a protective coating 95 
is disposed between the casing and trie 
mterlayer. 

. 20. A window as claimed in claim 19 
in which dm protective coating is acrylic. 

21. A window -as claimed in claim 20 100 
in which an adhesive is inserted between 
the interiayer and the protective coating. 

2H, A window as claimed in claim 21 
hi which the adhesive is pc^yurerhane, 

23. A window as churned in claim 18 in 105 
which the casing material is acrylic and a 
polyurethane adhesive Is inserted between 
the interiayer and the casing. 

34. A transparent, laminated window 
which is capable of being electrically heated 110 
which comprises: — - 
{&) a plurality of transparent, rigid sheets, 
at least one of winch has an dectrical 
heating means on one surface, 
(b) a plastics interiayer disposed between us 



two of the rigid sheets and contracting 
the electrical heating means,, and 
(c) a temperature «Rrrerng element em- 
bedded in the interiayer in spaced 
relation to the electrical heating 120 
means, which element comprises a 
temperature sensitive resistance fila- 
ment encapsulated within a trans- 
parent casing material which has a 
higher " heat deflection temperature 125 
than the interiayer material. 
25. A transparent, laminated window 
which comprises a plurality of transparent, 
rigid sheets, one of which has an elertfrically 
conductive coating thereon and a tempera- 130 
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15 



ture sensor grrrhcdderi in a transparent 
plastics layer of malarial as claimed m any 
one of claims 1 to 10 disposed between 
two of the rigid sheets and in spaced rela- 
5 don to die electrically conductive coating. 
26. A transparent, electrically heated, 
laminated window as claimed in claim 25 
in whkh the plastics layer of material is 
polyvinyl butyraL 
10 . 27. A transparent, electrically heated, 
laminated window as claimed in claim 26 
in whkh die polyvinyl butyral contains a 
water-insoluble ester of a polybasic acid 
and a polyhydric alcohol 

28. A transparent; electrically heated, 
laminated window as claimed in any of 
claims 25 to 27 comprising two glass shrete. 
one of which has the electrically conductive 
coating thereon, the intedayer being sand- 

20 wiched between the two glass sheets and 
contacting the electrically conductive coat- 
ing. 

29. A transparent, window substantially 
as hereinbefore described with particular 

25 reference to and as illustrated in any one 
of Figs. 1 to 7 of the accompanying draw- 
ings, 

3Q. A constant temperature window 
system which comprises an electrically 
30 heated transparent window which includes: — 

(a) a transparent member; 

(b) an electrical heating element sup- 
ported by said member and being 
operativeiy connected through a con?* 

35 trailer to a source of ^w^r*! 



(c) a temperature sensing element em- 
bedded in the transparent member in 
spaced relation to the electrical heat- 
40 ing element; the temperature sensing 

element comprising a temperature 
sensitive resistance filament encap- 
sulated within a transparent casing 
material which has a higher heat 
45 deflection temperature than the trans- 

parent member; the temperature sen- 
sor being operativeiy connected 
through a controller to the same 
source of electrical energy as is the 
SO electrical heating element; 

whereby the temperature <»n<mw element 
responds to changes in temperature near the 
window and modifies through the activity 
of the controller the source of electrical 
55 energy so as to maintain the temperature 
of the window in a predetermined range. 

31. A window system as clanged in 
claim 30 in which the transparent member 
comprises a plurality of layers of transparent 

(50 material. 

32. A window system as claimed in 
c laim 51 in which the transparent member 
comprises a plurality of transparent rigid 
sheets lamina ted together with a plastics 

65 interiayer, die temperature sensing element 



being embedded in the interiayer. 

33. A window system as claimed in 
claim 32 in which the electrical hearing 
means are tine resistance wires embedded 

in the interiayer. 70 

34. A window system as claimed in 
claim 32 in which the- electrical heating 
means is an electrically conductive re>»H"g 
on at least one of said rigid sheets. 

35. A window system as claimed in any 75 
of claims 32 to 34 in which die plastics 
intedayer is polyvinyl butyraL 

36. A window system as claimed in 
claim 35 in which the polyvinyl butyral is 
plasticized. go 

37. A window system as datm^d in any 
of claims 30 to 36 in which die casing 
material is polycarbonate or acrylic 

3&v A window system as claimftri in any 
of claims 30 to 37 In which the casing 85 
material is polycarbonate and a protective 
coating is disposed between the casing and 
the interiayer. 

39. A window system as claimed in 
clarm 38 m which the protective coating is 90 
acrylic 

4a A window system as claimed in 
claim 39 in which an adhesive is inserted 
between the acrylic and the interiayer. 

41, A window system as claimed in 95 
claim 40 in which the adhesive is nolynre- 
thane. 

42. A window system as claimed in 
claim 37 in which me casing m»n»rfaT| jg 
acrylic and a polyurethane adhesive is 100 
inserted between die casing and the inter- 
iayer. 

43- A constant temperature window 
system which comprises: — 
(a) a transparent, l a mi na ted , electrically 105 
conducting window which *"clndes: — 
CD & plurality of «g^ t transparent 
sheets, at least one of which has an 
electrical hearing means on one 
surface and which is operativeiy 110 
connected through a controller to 
a source of electrical energy; 
<5i) a plastic interiayer disposed be- 
tween two of the sheets and con- 
tacting the electrical heating 115 



(b) a ternperature sensing element embed- 
ded in the interiayer in spaced rela- 
tion to the electrical heating means, 
the ternperature sensing element in- 120 
eluding!-— 

a temperature sensitive resistance 
filament encapsulated within a casing/ 
material which has a higher heat 
deflection temperature than the inter- 12 5 
layer material, die temperature sensor 
being operativeiy connected through 
a controller to the same source of 
electrical energy as is the electrical 
~" 130* 
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